Introduction
The carotenoids are yellowish red coloring compounds distributed widely in nature, and there were a number of reports to show prevention and curing activities of carotenoids against lung cancers and several diseases including coronary and cardiovascular diseases (1) (2) (3) . It was reported that all-trans-β-carotene (TBC) quenched singlet oxygen (4) , and acted as efficient antioxidant through removal of oxygen radicals (5, 6) . TBC, however, played role as prooxidant depending on the environments (7, 8) . Most natural â-carotenes are present in trans form (9) , whereas the significant amounts of cis isomers, however, are detected in thermally processed foods, and foods stored under light (10, 11) .
The degradation and isomerization pattern of carotenes are affected by the environments of carotenes (12) (13) . The isomerization of trans-β-carotene to 9-and 13-cis-β-carotene was observed when β-carotene was dissolved in palm and coconut triacylglycerols (12) , while 13-and 15-cis-β-carotene were produced more in olive oil (13) .
Pumpkin (Cucurbita moschata) is a food vegetable grown and consumed globally in many regions, and pumpkin flesh and seeds have been used as food and medicinal stuffs (14) . Several pumpkins, such as C. moschata, C. maxima, and C. pepo, possess large amount of α-and β-carotenes, and, thus, showed thick yellow and orange colors (15) .
The different cooking methods affected the isomerization and degradation of carotenes in pumpkins (16) . An increase in β-carotene of pumpkin was observed when boiling and stir-frying of pumpkin (16) .
Blanching of vegetables is a thermal treatment frequently used in industry before freezing, since blanching can inactivate enzymes, destroy microbial cells, and maintain product quality high (17) (18) (19) . Apart from blanching process, the heat sterilization is used to extend the shelf life of commercial food products by inactivation of vegetative cells and spores accompanied with nutrient loss (20, 21) . The aims of this study were analysis of β-carotene isomerization in air, and in oil after dissolution in triacylglycerols (TAG) as a lipophilic environment surrounding carotenes. Evaluation of degradation and isomerization of β-carotene in pumpkins due to blanching and retort sterilization was also performed.
Materials and Methods
Materials Standard materials of all-trans-β-carotenes (TBC) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Ripe pumpkins were obtained from a local market in Seoul, Korea, a day after harvest. Refined, bleached, and deodorized (RBD) soybean oil was also purchased from a local market in Seoul, Korea. Chemicals and organic solvents used were of analytical grade unless specified otherwise. Organic solvents used for HPLC were HPLC grade purchased from Mallinckrodt Co. (Paris, KY, USA). HPLC grade solvents were filtered using a membrane filter (0.45 µm) (Acro LC13; Gelman, Port Washington, NY, USA) followed by degassing using vacuum pump (Millivac-Mini Vacuum Pump, XF5423050; Merck KGaA, Darmstadt, Germany).
Heating of TBC in air and in purified oil Twenty mg of TBC, equivalent to 27,510 µg of a TBC standard material, was put in a glass vial covered with aluminum foil and heated in a furnace with a thermostat at 180 o C for 20 min (22) . TBC samples were allowed to stand in an ambient temperature to room temperature after heating, and dissolved in a mixture of hexane and acetone (6:4) prior to analysis. Twenty mg of the TBC standard material was dissolved in 3 g of purified soybean oil, and placed in a furnace heated at 180 o C for 20 min. Purified soybean oil was prepared to obtain pure TAG following a previous method (23) . Soybean oil was passed through a chromatographic column (60 cmx4 cm) packed with a series of 100 g of activated silicic acid (100 mesh) (Mallinckrodt Co.), 30 g of a 2:1 mixture of activated charcoal (J.T. Baker Chemical Co., Phillipsburg, NJ, USA), and 120 g of celite (Sargent Welch, Cleveland, OH, USA). Soybean oil passed through the chromatographic column was referred to as purified soybean oil.
Blanching and retort of pumpkin Pumpkins were washed with tap water, dried with a soft cloth, and the skin as peeled (16). Skinless pumpkin flesh was then cut into small pieces of 1.5 cmx1.5 cmx1.5 cm (lengthxwidthxheight), and divided into seven portions of 10 g each. One portion was maintained raw while others were heattreated. Ten g of pumpkin flesh was boiled in water at 100 o C for 3 min, then pumpkin samples were drained and cooled before an extraction process. For retort sterilization, pumpkin samples were placed in a general steam retort heated at 121 o C for 1 h. After blanching and retort, pumpkin samples were cooled in an iced water bath for 2 min.
Extraction of carotenes Carotenes were extracted from the purified oil phase enriched with carotenes (24) . One g of CaCl 2 ·2H 2 O was added to 1 g of the oil phase and 50 mL of an extraction solution of 50% hexane, 25% acetone, 25% ethanol, and 0.1% BHT. The mixture was stirred vigorously for 20 min at 4 o C using a vortex mixer, and, after addition of 15 mL of reagent grade water, the mixture was stirred for another 10 min at 4 o C. The organic phase containing β-carotene was collected and filtered using Chromafil PET filters (0.20 µm pore size, 25 mm diameter) (Macherey-Nagel GmbH & Co., Düren, Germany).
Extraction of carotenes from pumpkin was carried out following a previous method (16) . Five g of a pumpkin sample was subjected to extraction using 50 mL of ethanol in a 250 mL conical flask. The flask was placed in a water bath at 25 o C for 1 h with regular vigorous stirring. The resulting crude extract was then filtered through a 0.4 µm filter (Whatman, Maidstone, UK), and the solvent was evaporated away under vacuum using a rotary evaporator (Rotavapor R-215; BUCHI Labortechnik AG, Flawil, Switzerland). Extracts were kept at -20°C in a deep freezer prior to analysis.
HPLC analysis and identification of carotene isomers An HPLC instrument consisting of a Jasco PU-980 pump (Jasco, Hachioji, Japan), a Rheodyne detector (Anspec, Ann Arbor, MI, USA), a UV-975 detector set at 450 nm (Anspec), a 5 µ Vydac 201TP54 column (4.6 m x250 mm) (Anspec), and CO-965 column oven (Anspec) set at 25 o C were used (22) . The solvent flow rate was 0.7 mL/min and the solvent system used was solvent A, acetonitrile:methanol=3:2 (v:v); and solvent B, acetonitrile:methanol:isopropyl alcohol:chloroform: methylene chloride=3:2:5:0.5:0.5 (v:v:v:v). Solvent A flowed for 5 min, followed by solvent B in a step gradient manner. A stock solution of TBC was prepared from 15 mg of crystalline TBC in a 100 mL volumetric flask made to a volume of 100 mL with hexane and acetone (6:4, v:v) . Appropriate aliquots of the solution were diluted for HPLC analysis, and the carotene content was determined using a calibration curve obtained from determination previously. Identification of individual carotenes was carried out using retention time comparisons of individual standard materials. Absorption maxima based on UVvisible spectra obtained using a V500 spectrophotometer (Jasco) were also used for identification of isomers. Individual isomers was collected using HPLC.
Statistical analysis
All experimental values were expressed as mean values of triplicate determinations and standard deviation (SD) values were less than ±3% unless specified. Respective SD values were not given when SD<±3%. Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS, Chicago, IL, USA) to ascertain significant differences between treatments at p<0.05.
Results and Discussion
HPLC analysis of carotenes An HPLC chromatogram of carotenes extracted from fresh pumpkin is shown in Fig. 1 . Each peak was identified based on comparison of retention times of individual carotenes and quantified using a UV-visible spectrophotometer (Anspec). Elution patterns of carotenes were consistent with results previously reported (25) (26) (27) . The total carotene content in fresh pumpkin was 230±6.1 µg/g of wet pumpkin. Pumpkin carotenes were composed of TBC (51.2±1.3%), all-trans-α-carotene (TAC) (32.9 ±0.9%), and 13-cis-β-carotene (15.9±0.4%). Trace amounts 15-cis and 9-cis-β-carotenes were also detected. The carotene content of pumpkin varied depending upon species; however, the carotene composition of pumpkins obtained was consistent with previous reports (28, 29) .
Thermal degradation and isomerization of TBC during heating
The total carotene content of TBC standard materials in glass vials before heating was 27,510 µg, and decreased gradually with an increase in air heating time (Fig. 2) . The TBC content decreased significantly (p<0.05) more rapidly in purified oil than in air. After 20 min of heating, the TBC content reached 2,500 µg in air and 600 µg in purified oil. Heating for more than 20 min caused loss of 90% of total carotene, regardless of the environment. β-transcarotene reportedly was isomerized first, then degraded into a series of apocarotenals during autoxidation (30) .
As a lipophilic continuous phase surrounding carotenes, the purified soybean oil was used in this study. The purified soybean oil used was pure TAG lacking pigments, free fatty acids, and impurities. Most plant oils contain the natural anti-oxidants tocopherols that might affect isomerization and degradation of carotenes (31) . In this study, the purified soybean oil used was a lipophilic continuous environment instead of soybean oil to eliminate anti and/or prooxidant effects of materials other than triacylglycerols (TAG). Reportedly, β-carotene promotes oxidation of corn oil TAG during heating (32) . TAG oxidation products may have accelerated degradation of β-trans-carotene, and vise versa, because oxidation products of TAG had pro-oxidant activity against β-trans-carotene in isomerization and degradation process (33, 34) .
The heating time affected the residual TBC contents significantly. The TBC contents decreased exponentially (Fig. 2) , and thus the semi-logarithmic plot of TBC contents depending upon heating time showed the linear lines with correlation coefficients of 0.9923 (in air), and 0.9903 (in oil) (Fig. 3) . TBC decreased more rapidly in the oil than in the air (p<0.05), and the decrease rates were −0.1705 and −0.1306 min , respectively. The effect of heating time on compositions of individual carotene isomers in air is shown in Fig. 4 . The major isomers produced were 15-cis, 13-cis, and 9-cis-β-carotene (Fig. 4A) . The variety of TBC isomers identified was consistent with previous reports (11, 30, 32, 35) . Contents of 15 and 9-cis-β-carotene decreased continuously after heating started, whereas the content of 13-cis-β-carotene increased right after heating started, then significantly (p<0.05) decreased thereafter, compared with controls. TBC was probably isomerized to 13-cis-β-carotene first as an intermediate, then further degraded to other materials. An increase in the 13-cis-β-carotene content has also been reported in the beginning of heating at 125 and 150 (11) . Results reported herein coincided with previous reports showing more production of 13-cis-β-carotene in the beginning of heating (9, 35) .
The individual carotene isomers changed significantly (p<0.05) during heating, compared with controls. The proportion of TBC decreased in the first 15 min of heating, then increased thereafter (p<0.05). The proportion of 13-cis-β-carotene increased in first 10 min of heating, then decreased thereafter (p<0.05). Proportions of 15 and 9-cis-β-carotene changed within smaller ranges than proportions of TBC and 13-cis-β-carotene. Thus, 15 and 9-cis-β-carotene were probably less susceptible to thermal treatment than TBC and 13-cis-β-carotene.
The composition change of carotene with respect to heating time in purified oil is shown in Fig. 4B . The major isomers produced were 15-cis, 13-cis, and 9-cis-β-carotenes. Patterns of proportion change of carotene isomers in air and in purified oil were similar. Patterns of proportional change of carotene isomers in air and in purified oil were not significantly (p>0.05) different. However, isomerization of carotene in purified oil occurred more rapidly than in air.
Thermal isomerization of carotenes in pumpkin Contents of individual pumpkin carotenes are shown in Fig. 5 . The total carotene content in fresh pumpkin was 230±6.1 µg/g of wet pumpkin, and was composed of TBC (120±3.2 µg/g), TAC (70±1.9 µg/g), and 9-cis-β-carotene (40±1.1 µg/g). After blanching, the total carotene content decreased to 180±5.2 µg/g of wet pumpkin, and to 190±5.5 µg/g of wet pumpkin after retort treatment. Total carotene contents were not significantly (p>0.05) affected by heating methods. The pumpkin matrix probably protected embedded carotenes at high temperatures (13) . Proportions of TBC and TAC in pumpkin decreased significantly (p<0.05) as heating time increased. However, effects of different heating methods were not significantly (p>0.05) different. The proportion of 13-cis-β-carotene increased after heat treatment, probably due to thermal isomerization of TBC to cis-isomers, and decreases in TBC and TAC contents (19) .
In conclusion, the environmental conditions of carotene affected thermal isomerization patterns of β-carotenes. Thermal processing accelerated degradation of carotenes and affected isomerization of β-carotenes in pumpkin.
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